DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

NOTES ON BASE

The base chart was prepared by ACIC with advisory as-
sistance from Dr. Gerard P. Kuiper and his collaborators,
D. W. G. Arthur and E. A. Whitaker.

CONTROL

The position of features on the base chart was determined
through the use of selenographic control established
primarily ffom the measures of J. Franz and S. A. Saunder
as compiled by D. W. G. Arthur and E. A. Whitaker in the
Orthographic Atlas of the Moon, edited by Dr. Gerard
P. Kuiper, 1960.

NAMES

The feature names selected were adopted from the 1935
International Astronomical Union nomenclature system
with minor changes introduced in the Photographic Lunar
Atlas, edited by Dr. Gerard P. Kuiper, 1960. Craters des-
ignated by capital letters were selected from the LLAU.
list of Named Lunar Formations.

PORTRAYAL

The configuration of the relief features shown on the base
chart was interpreted from photographs taken at Lick,
McDonald, Mt. Wilson, Yerkes, and Pic du Midi Obser-
vatories and published in the 1960 edition of the USAF
Lunar Atlas and from unpublished photographs from the
Lunar and Planetary Laboratory, University of Arizona,
and Department of Astronomy, University of Manchester.
Visual observations made with the 24 in. Lowell refracting
telescope, Flagstaff, Ariz., have also been used to add
and clarify details. The pictorial portrayal of relief
forms was developed using an assumed light source from
the west with the angle of illumination maintained equal
to the angle of slope of the features portrayed. Cast
shadow were eliminated to enable complete interpretation
of relief forms.
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PRINCIPAL PHOTOGRAPHIC COVERAGE OF TARUNTIUS QUADRANGLE

Best photographs available for each area are shown; Lunar Orbiter IV photo-
graphs and earthbased telescopic photographs cover entire quadrangle. Long-
dashed line indicates limit of superior coverage of oblique photographs. Roman
numerals refer to Lunar Orbiter mission; arabic numerals before hyphen refer
to Apollo mission; numerals after hyphen refer to frame number; numbers of
a series are inclusive. Orbiter IV frame numbers refer to high resolution (approx.
70 to 150 m identification resolution); corresponding moderate-resolution frames
cover entire lunar disk seen from spacecraft. Other Orbiter frame numbers
refer to moderate resolution (approx. 8 to 50 m); corresponding high-resolution
frames nest within the moderates except for Orbiter I. 1V-66, 191, and 192 and
11-6231 are relatively poor. Apollo strips 10-4029 to 4037 and 10-4515 to 4532
provide excellent steroscopic coverage; frames 10-4739 to 4744 cover approxi-
mately same area at lower resolution in stereo.
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Mapped 1963-1969. Principal sources of geologic information: Lunar Orbiter and
Apollo photographs shown on index map; high-illumination photographs 5818 and
5819, 61-inch reflector, U.S. Naval Observatory, Flagstaff, Arizona; for area north
of lat. 2° N. and west of long. 43° E., low-illumination photograph 32A, 23 Novem-
ber 1964, 40-inch reflector, Observatoire du Pic-du-Midi, courtesy of Zden&k Kopal;
other areas, low-illumination photographs taken with 61-inch reflector, Catalina Ob-
servatory, University of Arizona (Kuiper and others, 1967, and unpublished); subtle
relief features not visible on Orbiter photographs mapped from near-terminator tele-
scopic observations made 196221966 with 36-inch refractor, Lick Observatory;
color data from Whitaker (1965) and Soderblom (unpublished); thermal data from
Saari, Shorthill, and Fulmer (1966) and Shorthill and Saari (1969); numerical albedo
data from Pohn, Wildey, and Sutton (1970).

Work performed on behalf of the National Aeronautics and Space Administration un-
der contract No. R-66
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INDEX MAP OF THE NEAR SIDE OF THE MOON
Number above quadrangle name refers to lunar base chart (LAC series);
number below refers to published geologic map

GEOLOGIC MAP OF THE TARUNTIUS QUADRANGLE OF THE MOON

By
Don E. Wilhelms
1972
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Characteristics

Brightest material in area (as seen at full Moon).

EXPLANATION

Cs

Bright slope material

Occurs on crater walls (mapped sep-

arately in craters >8 km in rim crest diameter) and on other steep slopes including some
small sharp-crested circular hills; brightest in freshest-appearing craters of a given size.
On flank of east rim of Maskelyne F partly overlaps small craters (see Orbiter II frame

M-5); not present on most of gentler west rim

Interpretation

Freshly exposed outcrops and talus formed by downslope movement on steep slopes (Wil-

helms, 1970a, p. F39)

Ce Cer Cef

Cscv

Materials of rayed craters

Characteristics
Surrounded by rays or bright halos that may represent photographically unresolved
rays; conspicuously brighter than surroundings at full Moon; most have high infrared
eclipse anomaly (Saari and others, 1966; Shorthill and Saari, 1969) ; brightest in Proclus;
“warmest” in Proclus, Cauchy, and Jansen F

Ce, crater materials, undivided. Rim, wall, and floor materials of small (<8 km) topo-
graphically sharp craters having steep interiors, conical or floored. In larger craters
divided into:

Cer, rim material. Slopes outward from rim crest; smooth at Orbiter IV resolution and
sun angle; in better photographs, dunelike texture visible close to rimerest and radial
grooves and ridges visible in distal parts. Dark around Taruntius C

Cef, floor material. Small level or convex-upward surfaces having rough texture; mark-
edly lower than terrain surrounding crater

Interpretation
Impact origin and relative youth of Proclus indicated by long rays. Origin of other
craters less certain; impact suggested by general similarity to Proclus, rough textures,
and deep floors, probably the original uncovered crater floors. Highalbedo and thermal
anomaly suggest exposure of fresh rock

Characteristics

to crater Theophilus

Interpretation

canic or secondary to

Small (mostly <3 km) elliptical to circular mostly
low-rimmed craters in elongate clusters mostly radial

having adjoining grooves and ridges in herringbone
pattern directed outward from Theophilus.
where Theophilus-related elements not visible

Formed by secondary impact of fragments ejected
Sfrom Theophilus; queried occurrences could be vol-

Satellitic-crater material

Characteristics
Forms undulatory, very smooth-surfaced terrain ap-
parently masking underlying small unmapped
Eratosthenian and early Copernican craters (Carr,
1970; Wilhelms, 1970b).
superposed. Intermediate in albedo between typical
terra materials and mare materials.
dish. Distinguishable only on high-resolution (1 to
15 m) Orbiter photographs and mapped only in south-
ern part of map area

Interpretation
Deposits of volcanic or erosionally-derived materials;
intermediate albedo suggests either a mixture of typ-
ical mare and terra materials or terra material with
unique composition.

(southwest of quadrangle) or

Queried

some other crater

Ctrh Ctrr Ctre

Ctw Ctfh Ctfs

Materials of crater Taruntius

Characteristics
Extensive relatively faint ray system; no thermal anomaly

Ctrh, rim material, hummocky. Steep smooth slopes within 5 km of
rim crest, surrounded by lower terrain with hummocks and arcuate
ridges predominantly concentric with crater. Grades outward into:

Ctrr, rim material, radial. Subdued ridges and grooves having radial
and herringbone pattern with apices toward crater; positive relief
predominant. Grades outward into:

Ctre, rim material, cratered. Similar pattern, but dominated by nega-
tive elements, groovelike craters. Grades imperceptibly with surround-
ing materials (easily detected and mapped only within coverage of
Lunar Orbiter photograph I M-31). Craters in isolated queried oc-
currence at lat 10.8° N., long 39.9° E. radial to Taruntius but possibly
related to another crater

Irregular-crater material
Characteristics

Outline elongate or with marked re-entrants. Topo-

Ctw, wall material.

part of wall
Ctfh, floor material, hummocky.
oriented hummocks
Ctfs, floor material, smooth.
Dark in places
Ctp, peak material.
Interpretation
Impact origin (see text).

mediately after impact.
fill of voleanic or shockmelted rock

CEcl>

Crater chain and cluster material

Characteristics
Tangential or overlapping circular or elongate craters or troughs; mostly alined

Rugged terrain of irregular hills, irregular de-
pressions, and elongate ridges and rimmed depressions concentric
with crater rim; darker and rougher than unit Cs on adjacent steep

Low, smooth-surfaced, randomly
Generally flat; small hills and pits.
Cluster of rugged, bright hills

Rim material emplaced mostly by thrusting
in hummocky member, ballistic ejecta in radial and cratered members.
Wall material fractured by uplift; possible volcanism along fractures.

Peak and hummocky floor material probably formed by rebound im-
Smooth floor material probably posteratering

Terra-mantling material

Very few sharp craters

Relatively red-

Could be older than Taruntius

graphically sharp. Walls bright along a rille; in cluster at lat 4.1° N., long 36.75° E. Walls bright. All occur-
Interpret?.tlon rences as fresh-appearing as those superposed on mare material
Volcanic Interpretation '
Volcanic
Crater materials Mare material
Characteristics Ecf, floor material. Generally level, smooth in most craters; hummocky Characteristics

Materials of moderately fresh craters superposed on mare material,

wn Sinas and Sinas E

A

Ray material

Characteristics
Relatively bright plumose streaks or halos
on and around rim materials of Copernican-
age craters. On good photographs seen to
be coincident with clusters of small elongate,
low-rimmed craters and associated herring-
bone ridges (as in units Csc and Ctre) or of
small, circular, sharp craters. Asymmetric
around Proclus

Interpretation
Impact ejecta and bright walls of small sec-
ondary and tertiary impact craters. Asym-
metric pattern of Proclus attributed to
oblique impact (Shoemaker, 1962, p. 343)

Forms flat, dark surfaces; albedo approx.

or similar craters on terra. Albedo lower than for materials of rayed
craters; thermal anomaly slightly lower for mare craters and absent
Sfor terra craters; Maskelyne as bright and “warm” as many rayed
craters but lacks discrete rays

Ec, crater materials, undivided. Rim and wall materials of small (<8
km) craters having moderately sharp rim crests and conical or bowl-
shaped interior. In larger craters divided into:

Ecr, rim material. On Orbiter IV photographs topographically similar
to unit Cer; on better photographs, dunelike and radial texture visible
but more subdued and less extensive than in unit Cer

Ecw, wall material. Smooth, nearly featureless material of conical
crater interior; hummocky and partly terraced in Maskelyne. Albedo

Ecp, peak material.
pit at summit
Interpretation
Lack of floors in small craters (filled), relatively smoothed topography,
and lower albedo and thermal anomalies relative to rayed craters sug-
gest age-dependent erosion and mantling. Greater thermal anomaly in
mare than terra possibly due to presence of larger rocks excavated from
more cohesive mare. Maskelyne and other craters with bright walls
(mapped as unit Cs) probably younger than craters with intermediate-
albedo walls (mapped as unit Ecw). Craters known to have extensive
rough-textured rim deposits probably impact; others could be volcanic

Low broad peak in Maskelyne having irregular

.090-.096. Relatively bluish. Imbrian craters
absent and Eratosthenian craters deficient
or overlapped. Includes Copernican and
“Eratosthenian or Copernican” mare ma-
terials mapped by Carr (1970) and Wil-
helms (1970b). Mapped where studied at
Orbiter high resolution; queried where ex-
trapolated from such occurrences
Interpretation
Basaltic flows or tuffs

intermediate; brighter than adjacent materials (where very bright,

interior material mapped as unit Cs)

Characteristics

Elmd, typical mare dome material.
convex-upward profiles; circular or elliptical in plan view,; diameter
4 to 13 km; heights up to several hundred meters.

Queried where could be terra material; ad-

that of adjacent mare.

, h S

ditional possible domes shown by closed scarp symbols

EIld, light dome material.

higher relative to width and brighter than adjacent mare

Eldd, dark dome material.

classes and darker than almost all mare material

Elrd, rough dome material.

Characteristics

Flat or gently undulatory terrain mostly darker than other units.
Distinguished from Eratosthenian mare by presence of small Imbrian-

Rough-surfaced dome with tiny craters
(not mapped), or rough ridge superposed on other type of dome

age craters seen on high-resolution photographs

Im,, flattest, darkest, and least cratered of the three units; albedo ap-

prox. .079-.090; relatively bluish

Im,, many subdued craters 500-1000 m in diameter apparently super-
posed; slightly undulatory relief; albedo approx. .090-.096; relatively

reddish; transitional in character between other two units

Crater materials
Characteristics
Materials of moderately subdued craters overlapped by mare material, or simi-
lar craters on terra; not visible on full-moon photographs except for some
walls; thermally bland
Ic, crater materials, undivided. Rim and wall material of small (<8 km) craters
having low, subdued rim crest and shallow bowl-shaped interior without dis-
tinct floor. In larger craters divided into:
Ier, rim material. Smooth, narrow collar close to rimerest; no evidence of dune-
like ridges or radial features
Iew, wall material. Smooth, featureless, gently sloping bowl-shaped or conical
crater interior; similar in albedo to adjacent materials or slightly brighter
Ief, floor material. Gently concave upward or flat; featureless; break with wall
commonly indistinct; more nearly level with surrounding terrain than in
younger craters
Interpretation
Origin uncertain; probably like rayed craters originally but eroded and partly
filled by erosional products (wall and floor material) or younger nonrelated
units (mare)

Crater material

Characteristics
Circular outline, com-
monly interrupted; topog-
raphy including rim crest
subdued in most occur-
rences; rim crest fairly
sharp and wall and rim
Sairly distincet only in
Maskelyne A and east
side of Taruntius M
Interpretation
Origin uncertain

Characteristics

clus A and Proclus C

where one subunit absent, divided into:
pleir, rim material.
pleiw, wall material.
depression without marked rim crest
Interpretation

Irregular outline with marked re-entrants.
subdued in most occurrences; moderately sharp in large crater between Pro-

plei, irregular-crater materials, undivided.

Irregular-crater material
Characteristics
Qutline elongate or with
marked re-entrants. To-
pographically subdued.
Walls bright. Absent in
mare
Interpretation
Volcanic

Mare dome materials

Elde,dome-crater material. Mostly small (1to 3 km) elliptical to circular
craters occurring individually or in pairs, or elongate furrows; bowl-
shaped shallow interiors and no rim or low, barely detectable narrow
rim. Mapped only where superposed on domes; many similar craters

Smooth low domes with gentle

Albedo similar to

Similar to typical domes but somewhat

Steeper and more elongate than above two

and furrows occur near mapped ones

Interpretation

Volcanic extrusive materials similar to terrestrial shield volcanoes.
Slightly variable lithologic compositions suggested by differences in
steepness and albedo; different types of feeders (pipe or fissure) shown

by shape (round or linear).
trusive or tectonic features.

'_‘I?la

Im,

Mare materials
Im,, many subdued <1500 m craters; relief conspicuously undulatory

reddish of the three units
Interpretation

Mostly basaltic flows, possibly some tuffs.

Closed scarp symbols could represent in-
Craters are calderas or maars

in places; relatively high albedo for mare, approx..096-.102; most

Generally decreasing age

and from unit Im, to Im,; some of unit Im, possibly post-Imbrian.

Thickest total sections underlie unit Im;.

taminated with terra material

Hilly and pitted material

Characteristics
Hilly terrain with numerous irregular rim-
less or rimmed pits (depressions or cra-
ters); large rimless pits mapped by hachured
lines; rims and interiors of large rimmed
pits mapped separately as irregular-crater
material (CEei and Ici); similar pits of
both kinds extend down to limit of photo-
graphic resolution. Most terrain between
pits similar in albedo and topography to
smooth terra unit (Its); pits brighter
Interpretation

Rimless pits probably collapse features;
rimmed pits probably formed of extrusive
materials; predominantly Imbrian age sug-
gested by intermediate topographic sharp-
ness. Terrain between pits either older
country rock or contemporaneous volcanic
material; Imbrian age suggested by resem-
blance to unit Its

Hilly and pitted material

Characteristics

Similar to unit Thp but hills between pits are steep and bright like those of pre-

Imbrian units
Interpretation

Depressions similar in origin and age to those of unit lhp; intercrater materials

most likely pre-Imbrian

Irregular-crater materials

Topography including rim crest
Where rim and wall distinct or
Gentle irregular narrow rim flank

Gentle to steep sloping material inside rim crest or in

Origin uncertain (see text); possibly deformed during formation of basins

Rugged terra material
Characteristics

Forms most rugged terrain in map area;
steep-sided blocky to rounded hills mostly
4 to 20 km across. Few craters. Slopes
smooth and bright
Interpretation

Probably prebasin materials uplifted during
basin formation. Slopes of fresh (bright)
rock debris and outcrops exposed by rela-
tively recent downslope movement (asin
unit Cs). Prebasin craters destroyed by
uplift and postbasin craters by slumping.
Some hills could be volcanic constructional
features

Older units possibly con-

Terra dome material

Characteristics
Smooth to somewhat rough; steeper
than mare domes; irregular in
detailed outline but generally cir-
cular; same diameter range as
mare domes; clusters of 1% -4 km
domes at Da Vinei and Maskelyne
A. Albedo range from high (steep
domes) to moderate (lower domes)

Interpretation
Most clearly superposed on older
craters and presumably of volcanic
origin at Maskelyne A and lat
13.8° N., long 44.8° E. Imbrian age
suggested by intermediate fresh-
ness. Origin and age of other
occurrences less certain

Hilly terra material
Characteristics
Forms moderately elevated terrain having
variable, nondistinctive surface texture, sub-
dued to pocked or bumpy. Numerous sub-
dued craters < 2000 m in diameter. Albedo
moderate, typical of terra, approx. .120-.134
Interpretation
Mostly layers of ejecta from any or all of
five basins in area (see text), covered by
crater ejecta, volcanic materials, and ero-
sionally-derived debris in part younger
than pre-Imbrian

Plains material

Characteristics

Generally flat terrain with many
craters of probable Imbrian age
1000 to 2000 m in diameter. Flatter
surface than smooth terra mate-
rial, more conspicuous craters.
Albedo entirely higher than that
of mare material, approx. .102-.127

Interpretation

Large occurrences, mostly lava of
nonmare composition; at mare
margins could be heavily cratered
old mare lava. Small patches
could be ponded erosionally derived
debris

Its

Smooth terra material

Characteristics

Forms smooth-surfaced gentle hills
or undulatory, low-lying terrain;
contains elements of more rugged
terragn. Many subdued craters
< 1500 m in diameter. Albedo in
south approx. same as for unit Im,;
in Palus Somni as high as .13;
generally somewhat darker than
hilly terra material. Relatively
reddish

Interpretation

Origin uncertain, probably differ-
ent in different areas; in south,
possibly thin layers of mare ma-
terial overlying terra

Hummocky material

Characteristics
Small, sharp to subdued,
irregular, clustered hills
mostly 1% to 3 km in di-
ameter. Mostly high
albedo

Interpretation
Possible basin ejecta,
mostly of Crisium basin;
some could be extrusive
volecanic material

-
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GEOLOGICSETTING—MARE BASINS

The distribution of the major physiographic provinces and geologic units of
the Taruntius quadrangle is determined by five intersecting circular multi-ringed
mare basins. These basins, in probable order of decreasing age, are Tranquilli-
tatis, Fecunditatis, Serenitatis, Nectaris, and Crisium. The uplifted ring struc-
tures of the basins form terra mountains, peninsulas, and islands, and the
depressions between the uplifts are the major deposition sites of post-basin
terra and mare materials.

The terra mass in the northeast corner of the quadrangle is part of the rim
flank of the Crisium basin, centered approximately 250 km northeast of the
quadrangle. The Crisium rim consists of two rings of rugged terra, less well de-
fined on the southwestern side of the basin than elsewhere. A third less distinct
and lower ring lies even farther out from the basin. The terra along the southern
quadrangle border is part of the main Nectaris basin ring, which resumes south-
west of the quadrangle as the Rupes Altai. An additional, outer Nectaris ring
probably is partly exposed in Mare Tranquillitatis as an approximately east-
west trending series of terraislands. A Serenitatis ring in the northwest corner
is marked both by terra islands and mare features such as domes and ridges.
The peninsula occupied by the craters Taruntius and Secchi is part of the main
ring of the Fecunditatis basin; two outer concentric rings are marked by (1) the
peninsula occupied by the crater Da Vinci, and (2) terra islands which form an
arc from near Maskelyne A to Palus Somni.

The Tranquillitatis basin, a less well defined structure, could be a single cir-
cular basin encompassing all of Mare Tranquillitatis, a double basin with an
eastern circular component encompassing the part of Mare Tranquillitatis in
the Taruntius quadrangle (Stuart-Alexander and Howard, 1970), or an irregu-
lar depression not composed of circular components. The first hypothesis is
preferred because the largest features not attributable to the other basins—the
“coastline” at Lyell, the north-south ridge north of Taruntius M, the triangular
mountain northwest of Lubbock S, and additional features outside the quad-
rangle—can be connected into a circle that includes almost all of Mare Tran-
quillitatisand meets the westernarcuateborder of the mare located approximately
at long 18° E. If the terra peninsula whose southern end is at lat 15° N., long
34° E. is then ascribed to the intersection of the Serenitatis arc with this main
Tranquillitatis are, all principal terra features of the quadrangle are accounted
for by known basins. Only the N. 60° W. trend of the “coastline” between Lyell
and long 45.5° E. and the N. 40° W. trend of the peninsula northeast of the
crater Maskelyne, which separates a low-lying mare surface on the southwest
from a high one on the northeast, are not explicable in terms of multi-ring struc-
tures. They may be partly controlled by internal tectonism and thus an excep-
tion to the generalization (Wilhelms and McCauley, 1971) that the major lunar
geologic features are basin-controlled.

The oldest basin is the nearly obliterated Tranquillitatis basin, whose floor
has been dislocated by structures of all the other basins in the region. Next
youngest are Fecunditatis and Serenitatis, whose ring structures cut or displace
those of Tranquillitatis and which, in turn, are cut by Nectaris and Crisium
structures. The relative ages of Fecunditatis and Serenitatis cannot be deter-
mined by data within the quadrangle, but the more degraded appearance of
the Fecunditatis rings suggests that this basin is the older. Similar reasoning
suggests that Nectaris is older than Crisium; in addition, morphologic compar-
isons of craters superposed on the two basins outside the quadrangle indicate
that those on Nectaris are older (Offield and Pohn, 1970). By the same criteria
all five basins in the quadrangle are older than the Imbrium basin and thus are
pre-Imbrian in the lunar time-stratigraphic scale (Shoemaker and Hackman,
1962; Wilhelms, 1970a).

STRATIGRAPHY

Terra materials.—The terra materials of the quadrangle—that is, all mate-
rials other than those of the maria and craters—are divided into nine units on
the basis of morphology, albedo, and character of associated craters. Relative
ages of the units are determined by superposition relations, and ages within
the lunar time-stratigraphic systems are determined by comparison of mor-
phology and density of associated craters with type units of the systems. The
series of units rugged terra (pItr) - hilly terra (pIth) - smooth terra (Its) - plains
(Ip) is one of decreasing relief, generally decreasing albedo, and decreasing
size of the largest subdued (degraded or overlapped) craters. A fifth unit, hum-
mocky material (pIh), is mostly rugged and bright like parts of the rugged
terra unit but consists of smaller individual hills. Terra dome material (Itd)
is similar to parts of the hilly terra unit but consists of more distinet rounded
hills, some of which are superposed on pre-Imbrian craters. Terra-mantling
material (Ctm) has relief and albedo like much Imbrian smooth terra material
but appears to overlap Eratosthenian and Copernican as well as Imbrian cra-
ters (Carr, 1970; Wilhelms, 1970b). Finally, two hilly and pitted units are char-
acterized by craters or depressions of distinctive rectangular or irregular
outlines. In one unit (Iplhp), these pits are superposed on pre-Imbrian rugged
terra material and craters; in the other (Ihp), they are surrounded by mate-
rial more like that of the Imbrian smooth terra.

The terra units probably developed their present character by a combina-
tion of volcanic and impact processes. As argued by Wood and others (1970),
lunar terra materials probably have been at least partly differentiated from
primitive lunar material by melting. They have been extensively brecciated
and redistributed, however, by the circular multi-ringed mare basins, which
were probably formed by impact (Baldwin, 1949, 1963; Hartmann and Kuiper,
1962; Stuart-Alexander and Howard, 1970; Wilhelms and McCauley, 1971).
Although textural evidence for the basin ejecta is sparse in the Taruntius quad-
rangle, comparison with better preserved basins elsewhere shows that ejecta
from the five basins, piled up in layers in the order of basin formation, should
be a major component of the terra material here (Short and Forman, 1970).
Lineated ejecta of the young Orientale and Imbrium basins (Wilhelms and
McCauley, 1971) and of Nectaris south of this basin (Stuart-Alexander, 1971;
Wilhelms and McCauley, 1971) extends outward from the main basin rings a
distance greater than the width of the Taruntius quadrangle, and hummocky
ejecta (or rock otherwise disrupted by basin formation) occurs near Imbrium
and Orientale. Lineated ejecta, its textures degraded by erosion or mantling
by younger deposits, probably forms much of the hilly topography of unit
plth. Hummocky ejecta may form unit plh, which resembles the more exten-
sive hummocky materials of the younger basins. The relatively sharp mor-
phology and proximity to Crisium of most of this unit suggest a relation to
that basin, but the more distant occurrences near the quadrangle center could be
related to another basin or be of non-basin origin. The rugged terra unit (pItr)
which, as in the younger basins, forms the most prominent parts of the basin
rings, has steep “clean”-appearing slopes that suggest non-deposition or shed-
ding of ejecta. This unit probably consists mostly of rock uplifted as a con-
sequence of basin formation.

The absence or paucity of distinctive basin-related textures and the presence
of certain morphologic characteristics suggest that many terra materials have
been modified by volcanism after being redistributed by impact. The mor-
phology of pits in the hilly and pitted units indicates volcanic formation of the
pits, if not of the materials between them. The superposition of terra domes
on craters suggests volcanic construction. Other landforms possibly formed
by voleanism include similar though less distinctively domical hills of the
hilly terra unit, and various pits and hills in the hilly and rugged terra units,
particularly certain anomalously elevated parts of apparent crater rims (as at
lat 8° N., long 40.7° E.; lat 1° N, long 34.5° E.; and lat 0°, long 32° E.). The
hills of unit plIh, if not formed by basin impact, could also be volcanic. The
flat surface of the plains materfial suggests emplacement of at least the larger
occurrences in a fluidlike state, possibly as lava composed of remelted crustal
terra material or new material from depth. Finally, the Copernican mantling
unit and parts of the smooth terra material may be formed by superposition
of volcanic materials on older terra.

There is some evidence of compositional differences in the terra. Palus
Somni, probably the area referred to by Fessenkov (1962, p. 121) as having
the Moon’s lowest color temperature, appears distinctly brownish when ob-
served telescopically (Wilkins and Moore, 1961, p. 204). This color, which
seems to cut across geologic contacts, could be due to some fundamental re-
gional compositional anomaly or a relatively minor factor such as superposi-
tion of an ash layer.

Mare materials.—Mare materials are divided into four units—three major
and one minor—on the basis of population of superposed and ‘overlapped
craters, albedo, surface topography, and color. The gradational series of major
units Im;-Im,-Im; is one of decreasing size and number of craters, decreasing
albedo, increasing flatness, and increasing “blueness.” These units are as-
signed an Imbrian age because they contain craters that are Imbrian in age by
the criteria formulated by Trask (1970). The youngest of the three units (Imjy),
a more typically flat, dark mare than the other two, in some places contains no
Imbrian craters and could be partly Eratosthenian in age. Some small patches
of mare that were studied in the course of large-scale mapping (Carr, 1970;
Wilhelms, 1970b) are assigned to a fourth unit, considered to be Eratosthenian
in age because it contains no Imbrian craters and seems to bury some Eratos-
thenian craters (too small to map here). The four mare units are best distin-
guished in the southern part of the map area, where high-resolution Orbiter
and Apollo photographs are available. In other areas, where the population
of small craters is not observable, the mare units are divided on the basis of
degree of flatness, color, and albedo on the assumption that these properties
correlate with crater population as they do in the south.

The oldest, most undulatory Imbrian mare unit occurs most commonly
near islands of rugged and hilly terra belonging to the basin rings and contains
numerous slopes of what may be thinly buried or unburied terra. In contrast,
the youngest Imbrian mare unit occurs where the absence or paucity of terra
islands suggests deep burial of the basin structures. These relations suggest
that the earliest mare material (Im,) thinly covered the entire area of Mare
Tranquillitatis except the highest parts of the old basin rings, whereas the
younger materials accumulated in the deepest depressions remaining after
the earlier deposition.

The Taruntius quadrangle contains one of the two densest concentrations
of mare domes on the Moon (along with the region of Oceanus Procellarum
near Copernicus). The dome materials have been divided into four categories
on the basis of profile, roughness, and albedo. They are clearly volcanic, and
differences among them probably reflect minor differences in lithologic com-
position. Most domes have small craters of a distinctive type (unit Elde) on
their summits or flanks. Similar craters (unmapped) also occur in the maria
apart from known domes, suggesting that crater-forming volcanism, with or
without attendant extrusion or intrusion of dome materials, is common.

The domes are concentrated in two belts roughly parallel to the Cauchy
rilles (N. 55° W.), which bound a northeast-tilted block that has an exception-
ally large displacement for a block of lunar mare. The dome material may have
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been emplaced along this relatively young fracture system. The system is radial
to the Imbrium basin and may result from a reactivation of the early Imbrian
faults produced by the impact that formed the Imbrium basin. Other domes
occur along the Serenitatis basin ring in the northwest corner of the quadrangle.

Crater materials.—Most distinct craters larger than 2 km rim-crest diameter,
and a few smaller very conspicuous ones, are, mapped. Materials of most cra-
ters larger than 8 km are subdivided into rim, wall, and peak units where these
are distinct. The contact of crater deposits is drawn at the outer limit of ob-
served deposits and not at the rim crest. Crater materials are divided into four
age classes—Copernican, Eratosthenian, Imbrian, and pre-Imbrian—and
four morphologic classes—dome type (discussed above), circular, clusters
and chains (including satellitic craters), and irregular. Criteria for age assign-
ment (Wilhelms, 1970a) are stratigraphic position, freshness of appearance,
albedo, and cooling rate in penumbra (“thermal” character; see Shorthill and
Saari, 1969).

Dating of the pre-Imbrian craters relative to the mare basins must rely more
on inference than direct stratigraphic evidence. There are relatively few pre-
Imbrian craters in the Taruntius quadrangle, and most of those are relatively
small, deformed, and subdued. There are, however, a number of vaguely
circular forms mapped in whole or in part as rugged or hilly terra material
that can be connected into crater form. These facts suggest that the local pre-
Imprian crater population was mostly destroyed by the formation of the
many mare basins. Because deposits of the large Nectaris basin are probably
present (though unrecognized) over the whole quadrangle, all craters except
the vaguely expressed ones are probably younger than Nectaris. On the
other hand, all pre-Imbrian craters except probably the relatively fresh
Taruntius M and the irregular crater between Proclus A and Proclus C could
predate the smaller Crisiam basin.

Morphologic classification forms a basis for tentative genetic classification.
It has commonly been stated that circular craters are mostly of impact origin
(for example, Baldwin, 1949, 1963), but this is demonstrable in this quadrangle
only for the larger and younger craters Taruntius and Proclus. The extensive
bright rays of Proclus and the extensive field of craters satellitic to Taruntius
(unit Ctre) were no doubt formed by secondary impact of fragments ejected
from the central crater, as has been demonstrated for similar craters elsewhere
(Shoemaker, 1962; Schmitt, Trask, and Shoemaker, 1967; Wilhelms, 1970a,
p. F43). Taruntius is anomalous amoung large rayed craters, however, in that
its floor is only slightly lower than the surrounding terrain (about 100 m, ac-
cording to Howard Holmes, ACIC). Moreover, its gently sloping wall is
marked by numerous irregular pits and concentric rilles bordered by raised
rims. These features may be produced by relatively rapid isostatic rebound
(Baldwin, 1963, p. 193-195; Masursky, 1964), accompanied by tensional frac-
turing and possibly by volcanism, facilitated by anomalously mobile sub-
crustal material along the mare-terra contact. An elevated, fractured interior
also characterizes many older craters along other mare margins (for example,
Posidonius, Gassendi, Pitatus, and several along the western border of Oceanus
Procellarum).

Small circular craters may have formed by any process that originated from
a central source. A high concentration of craters mapped as Eratosthenian
near the Cauchy rilles suggests either internal control on their origin or impact
of a swarm of objects. Superposition of three Eratosthenian craters (Sinas,
Sinas E, and Jansen L) on mare ridges may indicate a voleanic origin.

Satellitic craters are known to be of secondary impact origin because of
their relation to a primary crater (see explanation), whereas the often super-
ficially similar-appearing chain craters are believed of internal (volcanic or
collapse) origin because of their frequent association with a rille, commonly
identifiable as a graben. Clusters and chains not clearly of either association
cannot always be classified genetically.

Irregular shape suggests internal origin, later modification of impact craters
by voleanism or tectonism, or impact of fragments of a single body broken up
before impact (Sekiguchi, 1970). The local concentrations of younger irregular
craters (CEci and Ici) in the Taruntius quadrangle (along with depressions not
mapped as geologic units) must be of internal origin, but the origin of the pre-
Imbrian irregular craters is less clear. An internal or “hybrid” origin is sug-
gested, however, by numerous superposed probably volcanic pits and domes
and a greater proportion of irregular pre-Imbrian craters than is usual for the
Moon. Deformation along structures produced by formation of the multi-ring
basins may account for some of the irregularity.

GEOLOGIC HISTORY

The terra material was formed by igneous differentiation soon after the for-
mation of the Moon. It was then reshaped at a still early time by great impacts
which formed a series of circular multi-ringed basins. First to form was Tran-
quillitatis, followed by Fecunditatis, which modified the Tranquillitatis ring
structures in the southeast part of the quadrangle. Serenitatis then formed
northwest of the quadrangle and uplifted a series of terra features in the north-
west corner. Nectaris then formed south of the quadrangle, uplifted the terra
along the southern border, and further modified the Tranquillitatis structures.
Crisium then formed northeast of the quadrangle and uplifted the terra of the
northeast quadrant. Craters doubtless were forming throughout the period
of basin formation, but the oldest ones clearly recognized probably postdate
the Nectaris basin.

During the Imbrian Period and possibly during the pre-Imbrian as well,
voleanism formed various hills and pits on the basin structures, mantling and
smoothing them off, and formed plains between them. The peak time of forma-
tion of these volcanic materials, which may have been derived from the pri-
mordial terra crust and have had a similar composition, was succeeded late
in the Imbrian Period and in the Eratosthenian Period by the formation of
mare materials, having a different composition and derived from below the
crust. Mare materials covered the terra materials to varying depth, leaving
the higher terra exposed but completely obscuring all features in the deeper
depressions. During and after the deposition of these mare materials, small
volcanic features such as domes and chain craters formed. Tectonic activity
continued, probably along earlier developed trends, and the mare surface was
broken. Circular craters were formed, mostly by impact, both before and after
the mare materials, the youngest large ones being Taruntius and Proclus.
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